ABSTRACT Objective: Sedentary behaviour may contribute to the development of obesity. We investigated the relations between different types of sedentary behaviour and adiposity markers in a well-characterised adult population after controlling for a wide range of potential confounders.
INTRODUCTION

Obesity
1 and particularly central adiposity 2 are risk factors contributing to the development of cardiometabolic diseases and increased mortality. Sedentary behaviour can be defined as an immobile state of the body (eg, sitting) resulting in energy expenditure close to the resting metabolic rate. [3] [4] [5] Sedentary behaviour is known to be associated with obesity, independent of leisure-time physical exercise. [6] [7] [8] [9] [10] [11] This association may be due to immobility or other ARTICLE SUMMARY Article focus ▪ Our aim was to study which types of sedentary behaviours are associated with obesity in adults after controlling for a wide range of potential confounders.
associated factors predisposing to obesity, such as dietary behaviour. 12 In addition, sleep duration is associated with obesity, [13] [14] [15] and sleep duration and sedentary behaviour may be linked. It has also been suggested that obese individuals might favour spending more time sitting and be physically less active because of their body weight and genetic predisposition. 16 These behaviours and genetic factors may potentially confound the association of sedentary behaviour and obesity. Furthermore, the relations between sedentary behaviour and obesity may differ across different types of sedentary behaviour, that is, its subcategories. To further clarify the association between sedentary behaviour and adiposity, we studied leisure-time sedentary behaviour and its various subcategories, as well as their association with body mass index (BMI) and waist circumference (WC) in a large population of young and middle-aged Finnish adults. The independent cross-sectional association of sedentary behaviour was assessed by taking into account a wide range of potential confounders, including genetic predisposition for obesity, leisure-time physical activity, energy intake, adherence to the recommended diet and multiple other food items, sleep duration and other confounding risk factors for obesity (age, socioeconomic status, smoking, alcohol consumption, occupational physical workload and housework).
METHODS
Participants
The Cardiovascular Risk in Young Finns Study is an ongoing multicenter follow-up study of atherosclerosis risk factors. 17 The first cross-sectional survey was conducted in 1980, when 3596 individuals aged 3-18 years participated. These participants were randomly chosen from the national registry of the study district. Since 1980, several follow-up studies have been conducted. The latest 27-year follow-up survey, which this study is based on, was performed in 2007 when 2204 (aged 30-45 years) of the original participants attended. Several drop-out analyses have been performed that have been described in detail by Raitakari et al, 17 and based on these analyses, it can be said that this cohort and the surveys represent the general population fairly well. For this analysis, the sample comprised 1993 participants (1084 women and 909 men) who had a complete dataset including information on collected leisure-time sedentary behaviour subcategories, leisure time exercise and active commuting, and BMI and WC. The participants gave a written informed consent, and the study was approved by the local ethics committees.
BMI and WC
Weight was measured with a digital scale in light clothing without shoes with an accuracy of 0.1 kg, and height with a wall-mounted stadiometer with 0.1 cm accuracy. BMI was calculated as weight (kg)/(height (m)) 2 . WC was measured with a measuring tape at the end of expiration at the mid-axillary line between the iliac crest and the lowest rib (accuracy of 0.1 cm).
Sedentary behaviour
A self-administered questionnaire was used to collect data on various types of leisure-time sedentary behaviours. The participants were asked how many hours per day (0, 1, 2, 3,…, 9 and ≥10 h as options) they typically spent viewing TV, using the computer, reading, listening to music/radio, and in other type of relaxation. Total leisure-time sedentary time (h/day) was calculated based on time spent in all the sedentary behaviour subcategories listed above, and non-TV sedentary time including all the other sedentary behaviour types except TV viewing. Screen time (h/day) was defined as the sum of the reported TV viewing and computer hours.
Physical activity and its subcategories
A self-administered questionnaire was used to assess leisure-time physical activity, including leisure-time physical exercise, active commuting and housework. In addition, the occupational physical workload was assessed. Data on leisure-time exercise and active commuting were combined to calculate a total metabolic equivalent (MET) index in MET h/week (hereafter, the MET index). One MET corresponds to an energy consumption of 1 kcal/weight kg/h during rest. For leisure-time physical exercise, data on frequency, duration and intensity were collected. 18 Frequency was categorised as: (1) not at all, (2) once a month, (3) once a week, (4) 2-3 times a week, (5) 4-6 times a week and (6) daily. The average duration of a single bout of exercise was defined as: (1) <20 min, (2) 20-40 min, (3) 40-60 min and (4) >60 min. For exercise intensity, the categories were: (1) not getting out of breath or sweating, (2) getting out of breath and sweating slightly and (3) getting out of breath and sweating heavily. The MET h/week for active commuting to work were calculated based on the travel mode (cycling or walking) and length of the commuting distance. The MET index was estimated by multiplying the leisure-time exercise intensity, frequency and duration, and adding the MET h/week for active commuting. 18 The range of the MET index was 0-163 MET h/week. The index has been validated against data collected with accelerometers and pedometers. 18 The level of occupational physical workload was estimated as: (1) light sedentary work; (2) other sedentary work; (3) physically light work, performed mainly standing, or including light activity; (4) work including moderate physical activity; (5) physically strenuous work or (6) physically very strenuous work. The time spent in, for example, gardening and related housework (h/month) was classified as (1) light, (2) moderate and (3) strenuous activities.
Diet, alcohol consumption, smoking, sleep duration and socioeconomic status Food consumption was assessed using a 131-item food frequency questionnaire (FFQ), developed and validated by the Finnish National Institute for Health and Welfare. 19 The participants were asked to report the daily frequency and serving size of selected foods and dishes during the previous 12 months. The questionnaire additionally included open questions to enable reporting of foods not listed in the FFQ. The daily figures on specific food or food group consumptions and the nutrient intakes were calculated using the latest version of the National Food Composition Database, Fineli. 20 In addition, a diet score describing each participant's adherence to the Nutrition Recommendations set by the National Nutrition Council 21 as well as to the American Heart Association food guidelines 22 and dietary guidelines for Americans 23 was calculated. This score has been constructed particularly with regard to the risk of cardiometabolic diseases. Nine food groups in the score, which are unambiguously either to be preferred or avoided, have been chosen. Of these nine groups, whole grains, fish, fruits, vegetables and nuts are classified as favourable, whereas red and processed meats, sweets, sugar-sweetened beverages and fried potatoes are classified as unfavourable foods. The consumption of each of these food groups was categorised in sex-specific quartiles and assigned ascending values (0, 1, 2 and 3) for favourable foods and descending values (3, 2, 1and 0) for unfavourable foods. Thus, the quality of diet was evaluated as a score ranging from 1 to 27. For the purpose of this study, a wide range of individual dietary items (see online supplementary table S1) thought to represent the overall quality of diet providing information, for example, dietary carbohydrate contents were additionally selected for further analyses. Food items that were selected as possible confounding factors in multivariable models were chosen according to their correlation with TV time with either sex (see online supplementary tables S2 and S3). In addition, a fibre-sucrose intake ratio was calculated to describe the overall quality of carbohydrates in the diet.
Smoking habits were collected with a self-administered questionnaire. Individuals who reported smoking daily were considered as smokers. Similar results were obtained, if ever smoking (current/never/exsmoking) or pack-years were used as covariates in multivariable models (data not shown).
The participants were asked how many hours they usually slept per night (range from <5 to >10 h, scaling every 30 min). Socioeconomic status was determined based on the reported occupation: (1) manual, (2) lower, non-manual and (3) upper, non-manual. Education and income were also evaluated, but their effects on results were similar to that of occupation. Employment status was evaluated based on a question asking whether the participant was unemployed at the time of the follow-up or not.
Genetic variants
A genome-wide analysis was performed with Illumina Bead Chip (Human 670K). Complete data were available for 1939 individuals. In these analyses, we used data on 31 single nucleotide polymorphisms (SNPs) that have recently been shown to be associated with BMI in a meta-analysis utilising data on 249 796 individuals. 24 A genetic obesity risk score was calculated as a weighted scale variable of risk alleles in these 31 SNPs. 25 Statistical analysis Sex differences for study variables were analysed with the non-parametric Wilcoxon two-sample test (table 1) . The associations between sedentary behaviour and BMI, WC as well as risk factors for obesity were studied by calculating Spearman's correlation coefficients by sex (tables 2 and 3). Similar analyses were performed for physical activity (tables 2 and 3). These analyses were performed for the whole study population excluding the unemployed participants.
All types of sedentary behaviour and physical activity variables with an association with BMI and WC in univariate analyses were selected for subsequent multivariable linear regression analyses stratified by sex (tables 4 and 5). Other covariates included in these analyses represented potential confounders: genetic obesity risk score, energy intake and quality of diet (diet score), alcohol consumption, smoking, sleep duration and socioeconomic status (tables 4 and 5) .
Linearity between all covariates and BMI and WC was evaluated visually using plot charts, as well as statistically, and covariates with significant non-linear association (energy intake, diet score and sleep duration) were included in multivariate analyses as their quadratic terms.
To test how much various covariates influenced the association between sedentary behaviour and WC, a four-step multivariable linear regression analysis was made. An increasing number of covariates were added to a simple age-adjusted multivariable linear regression model stratified by sex (model 1) as follows (figure 1): obesity gene variants and lifestyle factors other than diet (model 2); obesity gene variants and lifestyle factors, diet score and energy intake (model 3); obesity gene variants and lifestyle factors, energy intake and all dietary items that are associated with TV viewing in either sex (see online supplementary tables S2 and S3; model 4).
To evaluate how much TV viewing time and non-TV sedentary time increased the risk of obesity, we calculated (using generalised linear modelling) additionally age-adjusted, sex-adjusted and other obesity covariateadjusted relative risks (RRs) for an obesity outcome variable defined by sex-specific WC cut-off points (>88 cm in women and >102 cm in men). The other covariates were genetic obesity risk score, energy intake, diet score and dietary items that are associated with TV viewing, alcohol consumption, physical activity, smoking, sleep duration and socioeconomic status. Similar analyses were made for non-TV sedentary time.
Since TV viewing time was associated with WC in both the sexes, it was selected for further age-adjusted and sex-adjusted pooled analyses to investigate the relations between TV time and adiposity markers at various MET index levels. For these analyses, the participants were divided into four groups based on daily TV viewing time (<1, >1 and <2, >2 and <3, and >3 h; figure 2). These cut-off points were selected to provide practically useful categories. The participants were also divided into three sex-specific MET index groups. In the low activity group, MET index was <5 MET h/week both in men and women. In the high MET index group, MET index was >22.8 MET h/week in men and >20.7 MET h/week in women. These limits were set to obtain adequate participant numbers in each group and to have practically meaningful MET limits for physically inactive, moderately active and highly active men and women. Within each MET index group, the age-adjusted and sexadjusted association between TV viewing time and obesity markers was examined by calculating Spearman's correlation coefficients.
All statistical analyses were performed using SAS V.9.2, and statistical significance was inferred at a two-tailed p<0.05.
RESULTS
The characteristics of the study population are shown in table 1. Overall, men were more sedentary than women, except for reading. In both sexes, slightly less than 2 h/ day was spent viewing TV and an average of 1 h/day in each of the other leisure-time sedentary behaviours. Men spent more time in leisure-time exercise, whereas women were more active in light and moderate gardening/household work and active commuting (table 1) .
In univariate correlation analyses (women, table 2 and  men, table 3) , total sedentary time, TV viewing time, screen time and other relaxation were directly associated with WC and BMI in both sexes ( p<0.05). In women, computer time and listening to radio/music were also directly associated with WC and BMI ( p<0.05 in both). In both sexes, total sedentary time was directly associated with alcohol consumption and smoking, but not with energy intake. The genetic obesity risk score for high BMI was also directly associated with sedentary time in men.
No association between total sedentary behaviour and the MET index was detected (r=0.02, p=0.49 in men and r=0.004, p=0.89 in women). In women, both the MET index and leisure-time exercise alone were inversely associated with BMI and WC, while strenuous gardening and housework and physical workload showed a direct association. In men, the MET index and its subcategories, leisure-time exercise and active commuting, were inversely associated with WC. In men, active commuting was the only physical activity subcategory associated with BMI (inverse association).
Multivariable models were applied to test the independent role of different types of sedentary behaviour on WC and BMI (tables 4 and 5). TV viewing time was directly associated with WC (tables 4 and 5) in both sexes, independent of the genetic obesity risk score, sleep duration, physical activity, energy intake and other covariates ( p<0.002). One additional hour of TV viewing per day was associated with 1.8±0.4 and 2±0.4 cm greater WC in women and men, respectively. Essentially similar results were seen when BMI was used instead of WC, and the exclusion of unemployed participants from these analyses did not change the results either (data not shown).
To further elucidate the possibly independent role of TV viewing and non-TV sedentary time contributing to body adiposity, stepwise multivariable models were analysed (figure 1). For this purpose, we first selected all dietary items that were associated with TV viewing, and other types of sedentary behaviour as potential confounders. This was performed because the correlation between diet score and TV viewing (tables 2 and 3) indicated that part of the association between WC and TV viewing could be mediated by the quality of diet. Of the different sedentary behaviour subcategories, TV viewing was associated most consistently with food items that are considered non-prudent (see online supplementary tables S2 and S3). The intake of food items associated positively with TV viewing most consistently in both sexes included sausage, beer and soft drinks. On the other hand, the intake of oats and barley (mostly reflecting the habitual intake of porridge in the Finnish diet), fish, and fruits and berries was associated negatively with TV viewing. In stepwise multivariable analyses (figure 1), the change in WC for one additional TV viewing hour was only moderately attenuated when other covariates were added to an age-adjusted multivariable model by sex. When non-TV sedentary time was adjusted for other covariates, it remained statistically significantly associated with WC only in women (figure 1), but the magnitude for the same amount of time (ie, per hour) was far smaller than for TV time.
Both TV viewing time and non-TV sedentary time were associated with increased risk of abdominal obesity defined by large WC (table 6) . For example, TV viewing >3 h/day was associated with a nearly twofold increased risk of abdominal obesity compared with TV viewing <1 h/day. The risk of obesity associated with TV viewing was slightly reduced in a fully adjusted model, but remained significant. Similarly, the risk of obesity associated with non-TV sedentary time remained significant in the adjusted model, but rendered non-significant after further adjustment with TV viewing (data not shown). =per cent that model or measured parameter accounts for the variance of WC. MET index=leisure-time exercise+active commuting. *The increase in β with one unit increase in energy intake, diet score and sleep duration is expressed in their quadratic terms, since these variables had a significant U-shaped relation with BMI and WC. BMI, body mass index; MET, metabolic equivalent; diet score, adherence to the recommended diet; WC, waist circumference.
Finally, we examined whether the association between TV viewing and WC was similar across the three physical activity categories (tertiles of the MET index; figure 2).
TV viewing was directly associated with WC (figure 2) in every MET index subcategory ( p for trend<0.0001 in all). In the low activity group, WC was on average 7 cm =per cent that model or measured parameter accounts for the variance of WC. MET index=leisure-time exercise+active commuting. *The increase in β with the one unit increase in energy intake, diet score and sleep duration is expressed in their quadratic terms, since these variables had a significant U-shaped relation with BMI and WC. BMI, body mass index; MET, metabolic equivalent; diet score, adherence to the recommended diet; WC, waist circumference. Figure 1 The associations of TV viewing time and non-TV sedentary time and waist circumference (WC) in different multivariable models in women (N=784 in all models) and men (N=675 in all models). *With significant associations to TV viewing in either sex (see online supplementary tables S2 and S3).
larger in individuals whose TV viewing time was ≥3 h compared with those <1 h/day. In the moderate and high activity groups, the respective WC differences were 6.8 and 5.9 cm, respectively.
DISCUSSION
In this cross-sectional study in a population-based sample of healthy adults, leisure-time sedentary behaviour, primarily TV viewing, was strongly associated with larger WC (and BMI) and risk of obesity. These relations remained highly significant, but were slightly diluted after controlling for a wide range of potential confounders associated with body adiposity, most markedly when adjusted for genetic and lifestyle confounders, and all dietary factors or individual food items that are associated with TV viewing. These observations thus further confirm the independent role of TV viewing as a risk factor for obesity, 10 11 but also suggest that the obesogenic effects of TV viewing are at least partly mediated by a non-prudent diet. Finally, since genetic predisposition to obesity was also weakly associated with sedentary time in men, these data are compatible with the hypothesis that reverse causation may also contribute to the association of sedentary time and adiposity. Several studies have shown direct associations between TV viewing time and risk for obesity. 9-11 26-29 In line with these, we also found that TV viewing was strongly associated with BMI and WC, as well as the risk of obesity. Individuals watching TV for more than 3 h/day compared with those viewing TV for less than 1 h/day had an almost twofold increased RR for obesity. These observations suggest that TV viewing is a potentially modifiable lifestyle factor that could be utilised in the prevention of obesity. One randomised controlled trial has been performed in adults where TV viewing time was reduced by 50% in overweight and obese adults over a 3-week period, and this study showed a significant increase in objectively measured energy expenditure resulting in decreased energy intake and BMI. 30 Another intervention study in children showed that a 50% reduction in TV and computer use produced significant reductions in BMI and energy intake, but no changes in physical activity. 31 Similarly, another trial by Robinson 32 demonstrated that the effects of reduced TV viewing on reducing obesity were mediated by changes in diet, not in activity. Moreover, a study by Cleland et al 33 suggested that the association between TV viewing and adiposity was partially explained by food and beverage consumption during TV viewing, but not by a reduction in overall leisure-time physical activity. Our observational data demonstrated that TV viewing was directly associated with WC in all individuals regardless of their physical activity level. In line with earlier studies, our results also suggest that the obesogenic effect of TV viewing may be partly mediated by energy intake and unhealthy eating habits. Altogether, these results add information and support the current key recommendations, which encourage the population not only to increase their physical activity and to adopt a healthy diet that corresponds to energy expenditure, but also to reduce the time spent in TV viewing to prevent the accumulation of excess body weight. 22 23 34 35 Possible mechanisms of sedentary behaviour in increasing body adiposity Experimental studies in humans have demonstrated that an increase in sedentary behaviour is associated with reduced energy expenditure, development of an insulin resistance state, 36 impaired insulin sensitivity and accumulation of abdominal fat. 37 In addition to genetic predisposition, at least three mechanisms have been suggested to explain the accumulation of body fat due to sedentary behaviour. First, very low muscular activity during, for example, sitting may lead to a positive energy balance, since it is usually not compensated for by decreased energy intake. 3 TV viewing is physically very passive and body metabolism during TV viewing corresponds closely to the resting metabolic rate. [3] [4] [5] This may not be similar for all types of sedentary behaviour. Lack of non-exercise activity thermogenesis (low energy consuming activity, eg, standing and fidgeting while sitting) has also been shown to play a role in the accumulation of body fat, 16 38 39 and such condition typically develops during prolonged TV viewing. 3-5 40 Second, sedentary behaviour has been associated with higher energy intake, which may confound or modify its association with adiposity. 12 In our study, TV time viewing was associated with WC and BMI regardless of energy intake, although energy intake was also correlated with BMI and WC. Adjustment for energy intake and all dietary items that are associated with TV viewing also caused a moderate attenuation in the association between TV viewing and WC, but the association remained highly significant. A part of the obesogenic effect of TV viewing may, however, be mediated by unhealthy dietary habits, and the true mediation may be somewhat larger due to the inaccuracies in capturing dietary habits in large population investigations. Dietary habits during TV viewing may thus differ from dietary habits during other activities or regular meals. Some other sedentary behaviours (eg, reading), on the other hand, may be associated with higher socioeconomic status, and healthier lifestyle choices, which protect from weight gain.
Third, it has been shown that sedentary behaviour would replace physical exercise and time spent in other physical activities and therefore could result in reduced energy expenditure and increased body weight. 10 In the present study, we found no evidence for such relationship. In our data, there were no associations between sedentary behaviours and the indicators of physical activity. Moreover, the relations between sedentary behaviour and WC remained unchanged after adjustments for physical activity in multivariable models, and were observed in analysis across subgroups stratified by various physical activity levels. TV viewing, especially, was associated similarly and highly significantly with WC in all physical activity subcategories.
Finally, it has also been suggested that obese individuals might be more sedentary and otherwise physically less active because of their body weight and/or genetic predisposition. 16 One study found that baseline markers of obesity (BMI, WC and fat mass) predicted adults' sedentary time at 5.6-year follow-up. 41 We found that the genetic risk score for high BMI 24 was associated with total sedentary time in men. The detected association was weak, however, and the adjustment for genetic risk did not dilute the association between sedentary behaviour and adiposity markers. This observation may reflect the possibility that overweight may lead to more sedentary behaviour, but these data are underpowered to make such a conclusion. Further studies are needed to explore the causal relationship between sedentary time and obesity, since plausible mechanisms that explain causality in both directions exist. Larger datasets are also required to explore whether lifestyle factors, such as sedentary behaviour, could modify or contribute to the relations between novel genetic risk factors and adiposity.
Strengths and limitations
The strength and novelty of our study is that we could take into consideration a wide range of confounders that could influence the relations between sedentary behaviour and adiposity. These include various types of physical activity, energy intake, detailed diet composition, alcohol consumption, smoking, socioeconomic status, sleep duration as well as novel genetic variants associated with increased BMI. Other strengths of our multicentre study are the relatively large number of participants and the precise measurements of WC, weight and height. The major limitation of our study is that, owing to the cross-sectional design, no statements can be made regarding the causalities of the observed associations. In addition, only information on the amount of leisure-time sedentary behaviour was available, but there were no data on the duration of individual sitting bouts or breaks during them. Owing to these inaccuracies in data collection, the observed relations are most likely weaker than in reality. The data on physical activities, sedentary behaviour and diet were collected with questionnaires, but not with objective methods. This may result in over-reporting of physical activity, and under-reporting of energy intake and inaccuracies in the quality of diet, 42 43 which is common in overweight and obese participants. 19 42-45 Information on diet was assessed using an FFQ, which is widely used in nutritional epidemiology, but it has its limitations. Self-reporting relies on the participant's ability to remember and identify the foods consumed, and is prone to conscious or unconscious misreporting. The FFQ used in the present study has been validated among another, but sociodemographically similar, study group against 3-day food records, and has been found to give constantly higher consumption figures than the records. 19 The most useful purpose of the FFQ is to rank individuals according to their average food consumption and nutrient intake, rather than by obtaining absolute values. All conclusions made in this study are based on the relative intakes on which FFQ is shown to be suitable. 19 Finally, we did not apply the genetic risk score for high BMI in a formal Mendelian randomisation framework to infer causality between adiposity and sedentary time-therefore, the association between genetic score and sedentary time needs to be interpreted cautiously.
Summary and conclusions
In this cross-sectional analysis of a well-characterised, population-based sample of apparently healthy adults, TV viewing, but not other non-sedentary activities, was strongly associated with higher WC and BMI, as well as a higher risk of obesity. Importantly, this relation was not totally diluted after controlling for a wide range of potential confounders. There was already some indication that reduction of TV hours may induce weight reduction. If this relation turns out to be causal and mechanistically partly explained by adverse diet habits during TV watching, then interventions to reduce TV time with a simultaneous correction of concurrent eating habits could be adopted in obesity prevention programmes.
